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ORGANIC COMPOUNDS 

This invention relates to organic compounds, their preparation and dieir use as 
pharmaceuticals. 

In one aspect the invention provides compounds of formula I 

H O 
Ar— X--^N-f jj-^Q-N-ll--N-R^ I 

H H 

in free or salt form, where 

Ar is phenyl optionally substituted by one or more substituents selected from halogen, 
Ci-Cs-aUcyl, cyano or nitro; 

X is -C(=0)-, -CH2-, -S-, -S(=0)- or -S(=0)2-; 
m is 1, 2, 3 or 4; 

Q has the formula 

/ \ 
C— C 

where is Ci-Cg-alkylene, 

or Q is -C(R'>)(Rc)- where R'' and R^ are independently Ci-Ca-alkyl 
or R*> and R<= together form a Ca-Cio-cycloalkyl; 



R^ is hydrogen, Ci-Cs-alkyl or Ca-Cio-cycloalkyl and R^ is Ci-Cs-alkyl substituted by phenyl, 
phenoxy, acyloxy or naphthyl, or R^ is Cs-Cio-cycloalkyl optionally having a benzo group 
fused thereto, a heterocyclic group having 5 to 11 ring atoms of which 1 to 4 are hetero atoms, 
phenyl or naphthyl, said phenyl, phenoxy or naphthyl groups being optionally substituted by 
one or more substituents selected from halogen, cyano, hydroxy, acyl, nitro, -SO2NH2, Ci-Cs- 
alkyl optionally substituted by Ci-Cs-alkoxy, Ci-Cg-haloalkyl, Ci-Cs-alkoxy, Ci-Cg- 
haloalkoxy, Ci-Ca-alkylthio, -S02-Ci-C8-alkyl, Ci-Cg-alkoxycarbonyl, Ci-Cs-acylamino 
optionally substituted on the nitrogen atom by Ci-Cs-alkyl, Ci-Ce-aUcylamino, aminocarbonyU 



Case 4-33362P1/HO 89 



2 

Ci-Cs-alkylamino-carbonyl, di(Ci-C8-alkyl)ainino, di(Ci-C8-aikyl)aminocarbonyl, di(Ci-C8- 
alkyl)ainmocarbonyl-methoxy, 

or and R3 together with the nitrogen atom to which they are attached denote a heterocycUc 
group having 5 to 10 ring atoms of wliich 1, 2 or 3 are hetero atoms; 

R4 and are each independently hydrogen or Ci-Cs-aikyI, or R4 is hydrogen and R^ is 
hydroxy-Cx-Cg-alkyl, acyl, -SOiR^ or -CON(R<J)R7, or R^ and R^ together with the nitrogen 
atom to which they are attached denote a 5-or 6-membered heterocyclic group; 

and R7 are eadi mdependently hydrogen or Ci-Cg-alkyl, or R« and R7 together with the 
nitrogen atom to which they are attached denote a 5- or 6-membered heterocycUc group; and 

R8 is Ci-Cs-alkyl, Ci-Ca-haloalkyl, or phenyl'optionally substituted by Ci-Cg-alkyL 

Terms used in the specification have the following meanings: 

"Ci-Cg-alkyl" as used herein denotes straight chain or branched alkyl that contains one to 
eight carbon atoms. Preferably, Ci-Ca-alkyl is Ci-C4-alkyL 

"Ci-Cs-alkylene** as used herem denotes straight chain or branched alkylene that contains one 
to eight carbon atoms- Preferably, Ci-Cs-alkylene is Ci-C4-alkylene, especially straight chain 
butylene. 

"Ca-Cio-cycloalkyP as used herein denotes cycloalkyl having 3 to 10 ring carbon atoms, for 
example a monocyclic group such as a cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclooctyl, cyclononyl or cyclodecyl, any of which can be substituted by one or 
more, usually one or two, Ci-C4-alkyl groups, or a bicyclic group such as bicycloheptyl or 
bicyclooctyl. Preferably Ca-Cio-cycloalkyl is Cs-Ce-cycloalkyl, especially cyclopropyl or 
cyclobutyl, 

"Ci-Cs-alkoxy" as used herein denotes straight chain or branched alkoxy that contains one to 
eight carbon atoms. Preferably, Ci-Cg-alkoxy is Ci-C4-alkoxy. 

"Ci-Cs-haloalkyl" as used herein denotes Ci-Cs-alkyl as hereinbefore defined substituted by 
one or more halogen atoms, preferably one, two or three halogen atoms. 
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"Ci-Cs-haloalkoxy'* as used herein denotes Ci-Cs-alkoxy as hereinbefore defined substituted 
by one or more halogen atoms, preferably one, two or three halogen atoms. 

" Aminocarbonyl^ as used herein denotes amino attached through the nitrogen atom to a 
carbonyl group. 

"Ci-Cg-alkylamino" and "di{Ci-C8-alkyl)amino" as used herein denote amino substituted 
respectively by one or two Ci-Cs-alkyl groups as hereinbefore defined, which may be the same 
or different. Preferably Ci-Cg-alkylamino and di(Ci-C8-alkyl)amino are respectively C1-C4- 
alkylamino and di(Ci-C4-alkyl)amino. 

"Ci-Cg-alkylaminocarbonyl" and "di(Ci-C8-alkyl)aminocarbonyl" as used herein denote 
aminocarbonyl as hereinbefore defined substituted respectively on the nitrogen atom by one or 
two Ci-Cg-alkyl groups as hereinbefore defined, which may be the same or different. 
Preferably Ci-Cs-alkylaminocarbonyl and di(Ci-C8-alkyl)aminocarbonyl are respectively C1-C4- 
alkylaminocarbonyl and di(Ci-C4-alkyl)aminocarbonyl. 

"Ci-Cs-alkylthio" as tised herein denotes Ci-Cs-alkyl as hereinbefore defined linked to -S-. 
"Acyl" as used herein denotes alkylcarbonyl, for example Ci-Cs-alkylcarbonyl where Ci-Cs- 
alkyl may be one of the Ci-Cs-alkyl groups hereinbefore mentioned, optionally substituted by 
one or more halogen atoms; cycloalkylcarbonyl, for example Ca-Cg-cycloalkylcarbonyl where . 
Cs-Cs-cycloalkyl may be, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl or cyclooctyl; 5- or 6- membered heterocyclylcarbonyl having one or two hetero 
atoms selected from nitrogen, oxygen and sulfur in the ring, such as furylcarbonyl or 
pyridylcarbonyl; arylcarbonyl, for example Cg-Cio-arylcarbonyl such as benzoyl; or 
aralkylcarbonyl, for example Ce to Cio-aryl-Ci-C4-alkylcarbonyl such as benzylcarbonyl or 
phenylethylcarbonyL Preferably acyl is Ci-C4-alkylcarbonyl, 

" Acyloxy" as used herein denotes alkylcarbonyloxy, for example Ci-Cs-alkylcarbonyloxy 
where Ci^Cs-alkyl may be one of the Ci-Cs-alkyl groups hereinbefore mentioned, optionally 
substituted by one or more halogen atoms; cycloalkylcarbonyloxy, for example Cs-Cs- 
cycloalkylcarbonyloxy where Ca-Cs-cycloalkyl may be, for example, cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl; 5- or 6- membered heterocyclylcarbonyloxy 
having one or two hetero atoms selected from nitrogen, oxygen and sulfur in the ring, such as 
furylcarbonyloxy or pyridylcarbonyloxy; arylcarbonyloxy, for example Cg-Cio- 
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arylcarbonyloxy such as benzoyloxy; or aralkylcarbonyloxy, for example to Cio-aryl-Ci-C4- 
alkylcarbonyloxy such as benzylcarbonyloxy or phenylethylcarbonyloxy, or 
aryloxyalkylcarbonyloxy, for example, Ce-Cio-aryloxy-Ci-Cg-alkylcarbonyloxy, any of which 
is optionally substituted in the aryl moiety by at least one substituent selected from Ci-Cs- 
alkoxy, halogen, Ci-Cs-alkylcarbonyl, aminosulfonyl, Ci-Cs-alkylaminosulfonyl and di(Ci-C8- 
alkyl)aminosulfonyl. Preferably acyloxy is Ci-C4-alkylcarbonyloxy, or benzoyloxy or 
phenoxy-Ci-C4-alkylcarbonyloxy optionally substituted in the benzene ring thereof by at least 
one substituent selected from Ci-C4-alkoxy, Ci-C4-alkylcarbonyl or aminosulfonyl. 

"Acylamino" as used herein denotes amino substituted by acyl as hereinbefore defined. 

"Halogen** as used herein may be fluorine, chlorine, bromine or iodine; preferably it is 
fluorine, chlorine or bronune. 

"Ci-Ca-alkoxycarbonyr* as used herein denotes Ci-Ca-alkoxy as hereinbefore defined attached 
through the oxygen atom to a carbonyl group. 

"Di-(Ci-C8-alkyl)aminocarbonyhnethoxy" as used herein denotes aminocarbonylmethoxy 
disubstituted on the amino nitrogen atom by Ci-Cs-alkyl as hereinbefore defined, the two 
Ci-Cs-alkyl groups being the same or different, 

" Optionally substituted" means the group referred to can be substituted at one or more 
positions by any one or any combination of the radicals listed thereafter. 

In Ar, tiie phenyl group may be substituted, for example by one, two or three, preferably one 
or two halogen atoms, preferably selected from fluorine and chlorine atoms, or by one or two 
Ci-Cs-alkyl, cyano or nitro groups, or by Ci-Cg-alkyl and one or two halogen, preferably 
fluorine or chlorine, atoms. When there is one halogen substituent, it is preferably para to the 
indicated group X. When there are two or three halogen substituents, preferably one is para to 
the indicated group X and at least one of the others is ortho to the para-halogen substituent. 

as substituted phenyl may, for example, be substituted by one, two, three, four or five, 
preferably by one, two or three, of the abovementioned substituents. may be, for example, 
phenyl substituted by one, two or three substituents selected from halogen, cyano, hydroxy, 
nitro, Ci-C4-alkoxy, Ci-C4-alkoxycarbonyl, Ci-C4-haloalkoxy, -CO-NH2, di(Ci-C4- 
alkyl)aminocarbonylmcthoxy, Ci-G4-alkyl optionally substituted by Ci-C4-alkoxy, Ci-Q- 
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haloalkyl, Ci-C4-alkylcarbonyl, Ci-C4-alkylthio, -S02-^fH2, -S02-Ci-C4-alkyl, di(Ci-C4- 
alkyl)ainino, Ci-C4-allcylaminocarbonyl or Ci-C4-alkyl-carbonylainino. R3 as substituted 
phenyl is preferably phenyl substituted by one or more substituents selected from cyano, 
halogen, Ci-C4-alkyl optionally substituted by Ci-C4-alkoxy, Ci-C4-alkylcarbonyl, C1-C4- 
alkoxy, Ci-C4-alkoxycarbonyl, -CO-NH2, -SO2-NH2, -S02-Ci-C4-alkyl, Ci-C4-alkyl- 
aminocarbonyl, di(Ci-C4-alkyl)aminocarbonyl-methoxy or Ci-C4-alkyl-carbonylamino, 
especially cyanophenyl, particularly meta-cyanophenyl, and disubstituted phenyl where one 
substituent is Ci-CU-alkoxy or di(Ci-C4-alkyI)aminocarbonyhnethoxy, preferably ortho to the 
bond linking to the remainder of the molecule shown in formula I, and the other, preferably 
para to the Ci-CU-alkoxy group, is Ci-C4-aIkoxy, halogen, cyano or Ci-C4-alkyL 
When is Ci-C4-alkyl substituted by optionally substituted phenoxy, the substituent(s) on 
phenoxy may be, for example, one, two or three substituents selected from halogen, cyano, 
Ci-Cg-alkyl, Ci-Cs-alkoxy or Ci-Cs-alkylcarbonyL 

R3 as a heterocyclic group may be, for example, a group having 5 to 11 ring atoms of which 
one, two, three or four, preferably one or two, are hetero atoms selected from nitrogen, oxygen 
or sulfur, such as pyrrolyl, furyl, thienyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyi, thiazolyl, 
thiadiazolyl, triazolyl, tetrazolyl, pyridyl, pyranyl, pyrazinyl, or a 5-, 6- or 7-membered 
heterocyclic, ring preferably having one or two oxygen or nitrogen ring atoms, fused to a 
benzene ring, said heterocycUc group being optionally substituted by substituents including 
halogen, Ci-C4-alkyl optionally substituted by Ci-C4-alkoxy, Ci-C4-alkoxy, -S02-Ci-C8-alkyl, 
C3-Cio-cycloallqrl, phenyl, phenyl-Ci-C4-alkyl and C2-C4-alkynyL Preferably a heterocyclic 
group having 5 to 11 ring atoms of which one, two, three or four, preferably one or two, are 
hetero atoms selected from nitrogen, oxygen or sulphur is a heterocyclic group having 5, 6 or 7 
ring atoms of which one, two, three or four, are hetero atoms selected from nitrogen, oxygen 
and sulphur. It is especially preferred that the heterocyclic group is thiadiazolyl, pyrazolyl, 
tetrazolyl or isoxazolyi, optionally substituted by one or more of Ci-C4-alkyl and C3-C6- 
cycloalkyL 

R^ and R^ together with the nitrogen atom to which they are attached as a heterocyclic group 
may be, for sample, a group having a 5- or 6-membered ring of which one, two or three are 
heteroatoms, optionally fused to a benzene ring, such as thiadiazolyl, pyrazolyl, tetrazolyl, 
piperidinyl, piperazinyl, morpholino, or benzopiperidinyl, optionally substituted by one or 
more substituents including Ci-Cg-alkyl, Ci-Cg-alkoxy, Ca-Cio-cycloalkyl and halogen. 
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Ri as optionally substituted Ci-Cs-alkyl is preferably optionally substituted Ci-C4-alkyl, 
especially Ci-C4-alkyl or substituted methyl or ethyl. When Ri is substituted by a cycUc organic 
group, the latter may be a carbocycUc or heterocyclic group, for example a Ca-Cis-carbocyclic 
group or a 5- to 7-membered heterocycUc group having one or more, preferably one, two or 
three, ring hetero atoms selected from nitrogen, oxygen and sulfur. The Ca-Qs-carbocydic 
group may be, for example, a cycloaliphatic group having 3 to 8 carbon atoms, preferably C5 - 
or Cfi - cycloalkyl such as cyclopentyl, methylcyclopentyl or cydohexyl. The Ca-Cis-carbocycUc 
group may alternatively be, for example, a C«-Cis aromatic group, such as phenyl, which is 
unsubstituted or substituted by Ci-Cs-alkyl, Ci-Cs-alkoxy, halogen, cyano, -CON(R'»)R5, - 
S02N(R'»)R5 or Ci-Cg-alkylsulfonylamino where R-* and R5 are as hereinbefore defined. The 
heterocyclic group may have one nitrogen, oxygen or sulfur atom in the ring or it may have 
two nitrogens, or one oxygen and one or two nitrogens, or one sulfur and one or two nitrogens 
in the ring. The heterocycUc group is preferably a heterocycUc aromatic group, especiaUy a 5- 
or 6- membered heterocycUc group such as furyl, imidazolyl, thiazolyl or pyridyl. Preferred 
embodiments include those in which Ri is hydrogen or Ci-Q-aUcyl substituted by hydroxy or 
Ci-C4-alkoxy. 

Throughout this specification and in the claims that foUow, unless the context requires 
otherwise, the word "comprise", or variations such as "comprises" or "comprising", wiU be 
understood to imply the mclusion of a stated integer or step or group of integers or steps but 
not the exclusion of any other integer or step or group of integers or steps. 

Preferred compounds of the present invention include compounds of formula I in free or salt 
form, wherein 

Ar is phenyl substituted by halo; 
X is -0-, -C(=0)- or -CH2-; 
m is 1 or 2; 
Q has the formula 

where R" is Ci-Cs-alkylene, 

or Q is -CCRbXRc). where Rb and R«= are independently Ci-Cg-alkyl 
or R*» and R' together form a Ca-Cio-cydoalkyl; 
R2 is hydrogen; and 

R3 is a heterocycUc group having 5 to 11 ring atoms of which 1 to 4 are hetero atoms. 
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Especially preferred compounds of the present invention include compounds of formula I in 
free or salt form, wherein 

Ar is phenyl substituted by halo, preferably chloro; 

X is -0«, -C(=0)- or -CH2-; 

m is 1 or 2; 

Q has the formula 

/ \ 
C— C 

where R» is Ci-Cs-alkylene, 

or Q is -;C{R>>)(Rc). where R>> and R<= are independently Ci-C4-alkyl 
or R^ and Rc together form a Ca-Cg-cycloalkyl; 
R^ is hydrogen; and 

R3 is a heterocyclic group having 5, 6 or 7 ring atoms of which one, two, three or four, are 
hetero atoms selected from nitrogen, oxygen and sulphur, said heterocyclic group being 
optionally substituted by Ci-C4-alkyl or Cs-Ce-cycloalkyl. 

The compounds represented by formula I are capable of forming acid addition salts, 
particularly pharmaceutically acceptable acid addition salts, Pharmaceutically acceptable acid 
addition salts of the compound of formula I include those of inorganic acids, for example, 
hydrohalic acids such as hydrofluoric acid, hydrochloric acid, hydrobromic acid or hydroiodic 
acid, nitric acid, sulfuric acid, phosphoric acid; and organic acids, for example aliphatic 
monocarboxylic acids such as formic acid, acetic acid, trifluoroacetic acid, propionic acid and 
butyric acid, aliphatic hydroxy acids such as lactic acid, citric acid, tartaric acid or malic acid, 
dicarboxylic acids such as maleic acid or succinic acid, aromatic carboxylic acids such as 
benzoic acid, p-chlorobenzoic acid, diphenylacetic acid or triphenylacetic acid, aromatic 
hydroxy acids such as o-hydroxybenzoic acid, p-hydroxybenzoic acid, 1-hydroxynaphthalene- 
2-carboxylic acid or 3-hydroxynaphthalene-2-carboxylic acid, and sulfonic acids such as 
methanesulfonic acid or benzenesulfonic acid. These salts may be prepared from compounds 
of formula I by known salt-forming procedures. 

When Q has the formula 
/ \ 

- C— C 

where R* is Ci-Cs-alkylene the compounds can exist in individual optically active isomeric 
forms or as mixtures thereof, e.g. as racemic or diastereomeric uMxtures. When X is -S(=0) , 
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the sufur atom is asymmetric, so again the compounds exist in individual optically active 
isomeric forms or as mixtures thereof, e.g. as racemic or diastereomeric mixtures. In both 
cases the invention embraces both individual optically active R and S isomers as well as 
mixtures, e.g. racemic or diastereomeric mixtures, thereof. 

Specific especially preferred compounds of the invention are those described hereinafter in the 
Examples. 

The invention also provides a process for the preparation of compoimds of formula I which 
comprises 

(i) (A) reacting a compound of formula II 

H 

Ar-X^)N-(-C-^Q-NH, II 

H 

where Ar, X, m and Q are as hereinbefore defined, with a compound of formula m 
where and R^ are as hereinbefore defined; or 

(B) for the preparation of compounds of formula I where is hydrogen, reacting a 
compound of formula H where Ar, X, m and Q are as hereinbefore defined, with a 
compound of formula IV 

0=C=N— IV 
where R^ is as hereinbefore defined; or 

(C) for the preparation of compounds of formula I where X is -S(=0)2-, oxidising a 
compound of formula I in protected form where X is -S- and Ar, m, Q, R^ and R3 a 
hereinbefore defined; and 



(ii) recovering the product in free or salt form. 
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Process variant (A) may be effected using known procedures for reaction of amines with 
carbamic acid phenyl esters or analogously e.g. as hereinafter described in the Examples. The 
reaction is conveniently carried out in an organic solvent such as dimethyl sulfoxide (DMSO). 
The reaaion temperature may be e.g. from 20 to 100 **C, conveniendy ambient temperature. 

Process variant ^B) may be effected using knovm procedures for reaction of amines with 
isocyanates or analogously e.g. as hereinafter described in the Examples. The reaction is 
conveniently carried out in an organic solvent, for example a halohydrocarbon such as 
dichloromethane (DCM) or an ether such as dioxane. The reaction temperature may be e.g. 
from 0 *»C to 100 conveniently ambient temperature. 

Process variant (C) may be effected using knovm procedures for oxidising sulfanyl groups to 
form sulfonyl groups or analogously e.g. as hereinafter described in the Examples. The 
oxidising agent used is preferably a perbenzoic acid, especially meta chloro-per-benzoic acid. 
The reaction is conveniently carried out in an organic solvent such as dichloromethane (DCM). 
The reaction temperature may be e.g. from 5 to 25 **C, preferably about 15 **C. 

Compounds of formula n where X is -O- or -CH2- may be prepared by reacting a compound 
of formula V 

Ar — X ^(^NH V 

where Ar and X are as hereinbefore defined, with a compound of formula VI 

II / I \ 

HO — CH— C— t— Q — N — R® VI 
H H 

where Q are as hereinbefore defined, n is 0, 1, 2 or 3 and is hydrogen or an amine- 
protective group, for example a tert-butoxycarbonyl group, and reducing the resulting 
compound to convert the carbonyl group to -C(H)-, where is a protective group, replacing 
R^ in the product by hydrogen, or analogously e.g. as hereinafter described in the Examples. 
When R^ is hydrogen, reaction between a compound of formula VI and a salt of a compound 
of formula V may be effected by the procedures described in US patent specification 4559349. 
When R^ is a protective group, reaction between compounds of formulae V and VI may be 
effected using known methods, for example in the presence of a tertiary organic base such as 
triethylamine or l,8-diaza-bicyclo[5.4.0]undec-7-ene (DBU), conveniently in an inert organic 
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solvent, for example a polar solvent such as dimethyl-formamide, the reaction temperature 
suitably being from 0 to 40**C, preferably ambient temperature. The reduction can be carried 
out usmg a reducing agent such as LiAlH4 in an organic solvent such as terahydrofuran (THF). 
Replacement of a protective group by hydrogen may be effected using known procedures; 
for example, where R^ is tert-butoxy-carbonyl, by treatment with a carboxylic acid such as 
trifiuoroacetic acid. 

Compounds of formula H where X is -C(=0)-, -S-, -S{=0). or -S(=0)2- may be prepared by 
reacting a compound of formula V, where Ar and X are as hereinbefore defined, with a 
compoimd of formula VII 

H 

H H 

where L is a halogen, preferably bromine or iodo, m and Q are as hereinbefore defined, and 
R^ is hydrogen or an amine-protective group, for example a tert-butoxycarbonyl group, and, 
where R^ is a protective group, replacing R^ in the product by hydrogen, or analogously e.g. as 
hereinafter described in the Examples. When R^ is hydrogen, reaction between a compound of 
formula VII and a salt of a compound of formula V may be effected by the procedures 
described in US patent specification 4559349. When R' is a protective group, reaction 
between compounds of formulae V and VII may be ejBFected using known methods, for example 
in the presence of a tertiary organic base such as triethylamine or l,8-diazabicyclo[5.4.0]- 
undec-7-ene (DBU), conveniendy in an inert organic solvent, for example a polar solvent such 
as dimethylformamide, the reaction temperature suitably being from 0 to 40**C, preferably 
ambient temperature. Replacement of a protective group R^ by hydrogen may be effected 
using known procedures; for example, where R^ is tert-butoxy-carbonyl, by treatment with a 
carboxylic acid such as trifiuoroacetic acid. 

Where reference is made herein to protected functional groups or to protecting groups, the 
protecting groups may be chosen in accordance with the nature of the functional group, for 
example as described in Protective Groups in Organic Synthesis, T. W. Greene, P.G.M. Wuts, 
John Wiley 6c Sons Inc, Thurd Edition, 1999, which reference also describes procedures 
suitable for replacement of the protecting groups by hydrogen. 

Compounds of formulae HI or IV are known or may be prepared by known procedures or 
analogously e.g. as hereinafter described in the Examples, 
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Compounds of formula V where X is -C(=0)- may be prepared by reacting a compound of 
formula Villa or Vfflb 



O 




CHg— O— N— C C :n— Villa 



N=C C :n— R^^ Vlllb 




with a compound of formula DC 

Ar=MgBr IX 

where Ar and R^^ are as hereinbefore defined, and replacing in the product by hydrogen, or 
analogously e.g. as hereinafter described in the Examples, Reaction of compounds of formulae 
Vnia/b and IX may be effected in an inert organic solvent, e.g. an ether such as THF and/or 
diethyl ether; suitable reaction temperatures may be from -10**C to 10**C, conveniendy from -5 
to 5**C. Replacement of R^^ in the product by hydrogen may be effected using known 
procedures or analogously e.g. as hereinafter described in the Examples. 

Compounds of formula V where X is -O- may be prepared by reacting a compound of formula 
X 



H3C-S-O— <^N-R^^ 



with a compotmd of formula Ar-OH in the presence of sodium hydride, where Ar is as 
hereinbefore defined and R^^ is a protecting group, and replacing R^^ in the product by 
hydrogen, or analogously e.g. as hereinafter described in the Examples* The reaction may be 
carried out in an inert organic solvent such as DMF. Suitable reaction temperatures may be 
from 20<*C to ISO'^C, conveniently from 50 to TO^'C. The replacement of R^^ by hydrogen may 
be effected using known procedures or analogously e.g. as hereinafter described in the 
Examples. 

Compounds of formula V where X is -CHr- are novel and may be prepared by reduction of 
compounds of formula V where X is -C{=:0) for example using known reduction procedures 
or analogously e.g. as hereinafter described in the Examples. This preferably involves of 
reduction to the corresponding alcohol, conversion to the iodine and then reduction. 
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Compounds of formula V where X is -S- may be prepared by reacting a compound of formula 
XI 

Ar— SH XI 

where Ar is as hereinbefore defined, with a compound of formula Xn 

O 

H3C— S— O <C^N— R^' XII 

O 

in the presence of sodiimi hydride where R^i is a protecting group, and replacing R^i in the 
product by hydrogen, or analogously e.g. as hereinafter described in the Examples. The 
reaction may be carried out in an inert organic solvent such as dimethylformamide (DMF). 
Suitable reaction temperatures may be from lO^C to ISO'^C, conveniently from 50 to 70''C. 
The replacement of by hydrogen may be effected using known procedxires or analogously 
e.g. as hereinafter described in the Examples. 

Compounds of formula V where X is -S(=0)- may be prepared by reacting the corresponding 
aryl-sulfanyl-azetidine, preferably a protected form thereof, with an oxidising agent such as a 
per-benzoic acid, or analogously e.g. as hereinafter described in the Examples. The reaction is 
conveniently carried out in an organic solvent such as dichloromethane (DCM). The reaction 
temperature may be e.g. from 5 to 25 ''C, preferably about 15 **C. 

Compounds of formula V where X is -S(=0)2- may be prepared by reacting the corresponding 
aryl-sulfanyl-azetidine, preferably a protected form thereof, with an oxidising agent such as a 
per-benzoic acid, or analogously e.g. as hereinafter described in the Examples. The reaction is 
conveniently carried out in an organic solvent such as dichloromethane (DCM). The reaction 
temperature may be e.g. from 5 to 25 ^'C, preferably about 15 **C. 

Compounds of formulae VI or VII are known or may be prepared by known procedures or 
analogously e.g. as hereinafter described in the Examples. 

Compounds of formula VQIa may be prepared by reacting a compotmd of formula XIII 

O 

HO— 0 <_N— r'^ XIII 
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with 0,N-diinethylhydroxylamine hydrochloride in the presence of a peptide coupling agent 
such as di-imidazol-l-yl-methanone, conveniently In an inert organic solvent such as THF, 
suitably at reflux temperature, or analogously e.g. as hereinafter described in the Examples.. 

Compounds of formulae VHIb, DC, X, XI, XH or Xm are known or may be prepared by 
known procedures or analogously e.g. as hereinafter described in the Examples. 

Compounds of formula I in free form may be converted into salt form, and vice versa, in a 
conventional manner. The compounds in free or salt form can be obtained in the form of 
hydrates or solvates containing a solvent used for crystallization. Compounds of formula I can 
be recovered from reaction mixtures and purified in a conventional manner. Isomers, such as 
enantiomers, may be obtained in a conventional manner, e.g. by fractional crystallization or 
asymmetric synthesis from correspondingly asymmetrically substituted, e.g. opticaUy active, 
starting materials. 



Compounds of formula I in free or pharmaceutically acceptable salt form, heremafter referred 
to alternatively as agents of the invention, are useful as pharmaceuticals. Accordingly the 
invention also provides a compound of formula I m free or pharmaceutically acceptable salt 
form for use as a pharmaceutical. The agents of the invention act as CCR-3 receptor 
antagonists, thereby inhibiting the infiltration and activation of inflammatory cells, particularly 
eosinophils, and inhibiting allergic response. The inhibitory properties of agents of the 
invention can be demonstrated in the following assay: 

In this assay the effect of agents of the invention on the binding of human eotaxin to human 
CCR-3 is determined. Recombinant cells expressing human CCR-3 are captured by wheatgerm 
agglutinin (WGA) polyvinyltoluidene (PVT) SPA beads (avaUable from Amersham). through a 
specific interaction between the WGA and carbohydrate residues of glycoproteins on the 
surface of the cells. [i«I]-human eotaxin ^available from Amersham) binds specifically to CCR- 
3 receptors bringing the [«5I]-human eotaxin in close proximity to the SPA beads. Emitted a- 
partides from the [i"i].human eotaxin excite, by its proximity, the fluorophore in the beads 
and produce light. Free P^^-human eotaxin in solution is not in close proximity to the 
sdntUlant and hence does not produce light. The scmtiUation count is therefore a measure of 
the extent to which the test compound inhibits binding of the eotaxin to the CCR-3. 
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Preparation of Assay Buffer: 5.96 g HEPES and 7.0 g sodium chloride are dissolved in distiUed 
water and IM aqueous CaCb (1 ml) and IM aqueous MgQi (5 ml) are added. The pH is 
adjusted to 7.6 with NaOH and the solution made to a final volume of 1 L usmg distilled 
water. 5 g bovine serum albumin and 0.1 g sodium azide are dien dissolved in the solution and 
the resulting buffer stored at 4°C. A Complete™ protease mhibitor cocktail tablet (available 
from Boehringer) is added per 50 ml of the buffer on the day of use. 

Preparation of Homogenisation Buffer: Tris-base (2.42 g) is dissolved in distilled water, the pH 
of the solution is adjusted to 7.6 with hydrochloric acid and the solution is diluted with 
distilled water to a final volume of 1 1. The resulting buffer is stored at 4»C. A Complete™ 
protease mhibitor cocktail tablet is added per 50 ml of the buffer on the day of use. 

Preparation of membranes: Confluent rat basophil leukaemia (RBL-2H3) cells stably 
expressing CCR3 are removed from tissue culture flasks using enzyme-free cell dissociation 
buffer and resuspended in phosphate-buffered saline. The cells are centrifuged (800 g, 5 
minutes), the pellet resuspended in ice-cold homogenisation buffer using 1 ml homogenisation 
buffer per gram of cells and incubated on ice for 30 minutes. The cells are homogenised on ice 
with 10 strokes in a glass mortar and pestle. The homogenate is centrifuged (800 g, 5 minutes, 
40C), the supernatant further centrifuged (48,000 g, 30 minutes, 4<'C) and the pellet redissolved 
in Homogenisation Buffer containing 10% (v/v) glycerol. The protein content of the membrane 
preparation is estimated by the method of Bradford (Anal. Biochem. (1976) 72:248) and 
aUquots are snap frozen and stored at -80°C. 

The assay is performed in a final volume of 250 \il per well of an Optiplate™ microplate (ex 
Canberra Packard). To selected wells of the Optiplate™ are added 50 |il of solutions of a test 
compoimd in Assay Buffer containing 5 % DMSO (concentrations from 0.01 nM to 10 iiM). 
To determine total binding, 50 \il of the Assay Buffer containing 5 % DMSO is added to other 
selected wells. To determine non-specific binding, 50 ^1 of 100 nM human eotaxin (ex R&D 
Systems) in Assay Buffer containing 5 % DMSO is added to further selected wells. To all wells 
are added 50 \il P"I]-Human eotaxin (ex Amersham) in Assay Buffer containing 5 % DMSO 
at a concentration of 250 pM (to give a final concentration of 50 pM per well), 50 ^ll of WGA- 
PVT SPA beads in Assay Buffer (to give a final concentration of 1.0 mg beads per well) and 
100 \d of the membrane preparation at a concentration of 100 \xg protein in Assay Buffer (to 
give a final concentration of 10 |ig protein per well). The plate is then incubated for 4 hours at 
room temperature. The plate is scaled using TopScal-S'*^ sealing tape (ex.Canberra Packard) 
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according to the manufacturer's instructions. The iresulting sdntUUtions are counted using a 
Canberra Packard TopCount™.scintillation counter, each weU being counted for 1 minute. 
The concentration of test compound at which 50% inhibition occurs (IC50) is determined from 
concentration-inhibition curves in a conventional manner. 

The compounds of the Examples hereinbeiow generally have ICso values below 1 |iM in the 
above assay. For instance, the compounds of Examples 1, 43, 64 and 101 have IC50 values of 
0.117, 0.136, 0.124, 0.096 |iM respectively. 

Most of the compounds of the Examples exhibit selectivity for inhibition of CCR-3 bindmg 
relative to inhibition of binding of the alpha-1 adrenergic receptor. Some of the compounds, 
e.g. the compound of Example 1, are also histamine HI antagonists. 

The inhibitory properties of agents of the invention on binding of the alpha-1 adrenergic 
receptor can be determined in the following assay: 

Cerebral cortices from male Sprague-Dawley rats (175-200 g) are dissected and homogenised 
in 10 volumes of ice cold 0.32 M sucrose (containing 1 mM MgClj dihydrate and ImM 
K2HPO4) with a glass/teflon homogeniser. The membranes are centrifuged at 1000 x g for 15 
miN, the pellet discarded and the centrifugation repeated. The supematants are pooled and 
centrifuged at 18.000 x g for 15 minutes. The peUet is osmoticaUy shocked in 10 volumes of 
water and kept on ice for 30 minutes. The suspension is centrifuged at 39,000 x g for 20 
minutes, resuspended in Krebs-Henseleit buffer pH 7.4 (1.17 mM MgS04 anhydrous, 4.69 mM 
KCl, 0.7 mM K2HPO4 anhydrous, 0.11 M NaCl, 11 mM D-glucose and 25 mM NaHCOa) 
containing 20 mM Tris, and kept for 2 days at -20'»C. The membranes are then thawed at 20- 
23»C, washed three times with Krebs-Henseleit buffer by centrifugation at 18,000 x g for 15 
minutes, left overnight at 4''C and washed again three times. The final peUet is resuspended 
with a glass/teflon homogeniser in 125 ml/100 membranes in the same buffer. A sample is 
taken to determine the protein concentration (usmg the Bradford Assay with gamma globuUn 
as the standard) and the remainder aliquoted and stored at -80**C. 

The resulting membranes are subjected to a radioligand binding assay. The assay is conducted 
in tripUcate using 96 weU plates containing [i^IJ-HEAT (Amersham) (40 pM, Kj: 58.9 ± 18.7 
pM), unlabelled test compound and membrane (57,1 ^g/ml) to yield a final volume of 250 jil 
(assay buffer containing 50 mM Tris-base and 0,9% (w/v) NaCl, pH 7.4). The plates are 
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incubated at 37*^0 for 60 minutes, after which rapid vacuum filtration over Whatman™ GF/C 
96 well filter plates is carried out. Each plate is then washed three times with 10ml of ice cold 
assay buffer using a Brandel Cell harvester (Gaithersburg, MD). Following drying of the plates 
for 3 h. at SO'^C, 40 iil of Microscint 20 is added to each well, the plates incubated at room 
temperature for a further 20 minutes and the retained radioactivity quantified in a Packard 
TopCount NXT™ scintillation counter. 

Stock solutions of test compounds are dissolved initially in 100 % DMSO and diluted with 
assay buffer to the required concentrations to yield 1 % (v/v) DMSO. The concentration of 
test compoimd at which 50% inhibition occurs (ICso) is determined from concentration- 
inhibition curves in a conventional manner. 

Having regard to then: inhibition of binding of CCR-3, agents of the invention are useful in the 
treatment of conditions mediated by CCR-3, particularly inflanunatory or allergic conditions. 
Treatment in accordance with the invention may be symptomatic or prophylactic. 

Accordingly, agents of the invention are useful in the treatment of inflanunatory or obstructive 
airways diseases, resulting, for example, in reduction of tissue damage, bronchial 
hyperreactivity, remodelling or disease progression. Inflammatory or obstructive airways 
diseases to which the present invention is applicable include asthma of whatever type or genesis 
including both intrinsic (non-allergic) asthma and extrinsic (allergic) asthma, mild asthma, 
moderate asthma, severe asthma, bronchitic asthma, exercise-induced asthma, occupational 
asthma and asthma induced following bacterial or viral infection. Treatment of asthma is also 
to be understood as embracing treatment of subjects, e.g. of less than 4 or 5 years of age, 
exhibiting wheezing symptoms and diagnosed or diagnosable as "wheezy infants", an 
established patient category of major medical concern and now often identified as incipient or 
early-phase asthmatics. (For convenience this particular asthmatic condition is referred to as 
"wheezy-infant syndrome" .) 

Prophylactic efficacy in the treatment of asthma will be evidenced by reduced frequency or 
severity of symptonxatic attack, e.g. of acute asthmatic or bronchoconstrictor attack, 
improvement in lung function or improved airways hyperreactivity. It may further be 
evidenced by reduced requirement for other, symptomatic therapy, i.e. therapy for or intended 
to restrict or abort symptomatic attack when it occurs, for example anti-inflammatory (e.g. 
corticosteroid) or bronchodilatory. Prophylactic benefit in asthma may in particular be 
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apparent in subjects prone to "morning dipping". "Morning dipping" is a recognised 
asthmatic syndrome, common to a substantial percentage of asthmatics and characterised by 
asthma attack, e.g. between the hours of about 4 to 6 am, i.e. at a time normally substantially 
distant form any previously administered symptomatic asthma therapy. 

Other inflammatory or obstructive airways diseases and conditions to which the present 
invention is applicable include acute lung injury (ALI), acute/adiilt respuratory distress 
syndrome (ARDS), chronic obstructive pulmonary, airways or lung disease (COPD, GOAD or 
COLD), including chronic bronchitis or dyspnea associated therewith, emphysema, as well as 
exacerbation of auways hyperreactivity consequent to other drug therapy, in particular other 
inhaled drug therapy. The invention is also applicable to the treatment of bronchitis of 
whatever type or genesis including, e,g., acute, arachidic, catarrhal, croupus, chronic or 
phthinoid bronchitis. Further inflancunatory or obstructive airways diseases to which the 
present invention is applicable include pneumoconiosis (an inflammatory, commonly 
occupational, disease of the lungs, frequently accompanied by airways obstruction, whether 
chronic or acute, and occasioned by repeated inhalation of dusts) of whatever type or genesis, 
including, for example, aluminosis, anthracosis, asbestosis, chalicosis, ptilosis, siderosis, 
silicosis, tabacosis and byssinosis. 

Having regard to their anti-inflammatory activity, in particular in relation to inhibition of 
eosinophil activation, agents of the invention are also useful in the treatment of eosinophil 
related disorders, e.g. eosinophiUa, in particular eosinophil related disorders of the airways 
(e.g. involving morbid eosinophilic infiltration of pulmonary tissues) including 
hypereosinophilia as it effects the airways and/or lungs as well as, for example, eosinophil- 
related disorders of the airways consequential or concomitant to Loffler's syndrome, 
eosinophilic pneumonia, parasitic (in particular metazoan) infestation (including tropical 
eosinophilia), bronchopuhnonary aspergillosis, polyarteritis nodosa (including Churg-Strauss 
syndrome), eosinophilic granuloma and eosinophil-related disorders affecting the airways 
occasioned by drug-reaction. 

Agents of the invention are also useful in the treatment of inflanamatory or allergic conditions 
of the skin, for example psoriasis, contact dermatitis, atopic dermatitis, alopecia areata, 
erythema mtdtiforma, dermatitis herpetiformis, scleroderma, vitiligo, hypersensitivity angiitis, 
urticaria, bullous pemphigoid, lupus erythematosus, pemphisus, epidermolysis bullosa 
acquisita, and other inflammatory or allergic conditions of the skin. 
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Agents of the invention may also be used for the treatment of other diseases or conditions, in 
particular diseases or conditions having an inflammatory component, for example, treatment 
of diseases and conditions of the eye such as conjunctivitis, keratoconjunctivitis sicca, and 
vernal conjunctivitis, diseases affecting the nose including allergic rhinitis, e.g. atrophic, 
chronic, or seasonal rhinitis, inflammatory conditions of the gastrointestinal tract, for example 
inflammatory bowd disease such as ulcerative colitis and Crohn's disease, diseases of the bone 
and joints including rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis and 
systemic sclerosis, and other diseases such as atherosclerosis, multiple sclerosis, diabetes (type 
I), myasthenia gravis, hyper IgE syndrome and acute and chronic allograft rejection, e.g. 
following transplantation of heart, kidney, liver, lung or bone marrow. 

The effectiveness of an agent of the mvention in inhibiting inflammatory conditions, for 
example in inflammatory airways diseases, may be demonstrated in an animal model, e.g. a 
mouse or rat model, of airways inflammation or other inflammatory conditions, for example as 
described by Szarka et al, J. Immunol. Methods (1997) 202:49-57; Renzi et al, Am. Rev. 
Respir. Dis. (1993) 148:932-939; Tsuyuki et al., J. CliN Invest. (1995)- 96:2924-2931; and 
Cemadas et al (1999) Am. J. Respir. Cell Mol. Biol. 20:1-8. 

The agents of the invention are also useful as co-therapeutic agents for use in combination with 
other drug substances such as anti-inflammatory, bronchodilatory or antihistamine drug 
substances, particularly in the treatment of obstructive or inflammatory airways diseases such 
as those mentioned hereinbefore, for example as potentiators of therapeutic activity of such 
drugs or as a means of reducing required dosaging or potential side effects of such drugs. An 
agent of the invention may be mixed with the other drug substance m a fixed pharmaceutical 
composition or it may be administered separately, before, simultaneously with or after the 
other drug substance. 



Such anti-inflammatory drugs include steroids, in particular gluco-corticosteroids such as 
budesonide, beclamethasone, fluticasone, cidesonide or mometasone, LTB4 antagonists such 
as those described in US 5451700, LTD4 antagonists such as montelukast and zafirlukast, 
dopamine receptor agonists such as cabergoline, bromocriptine, ropinirole and 4-hydroxy-7-[2- 
[[2-[(3-(2-phenylethoxy)propyl]sulfonyl]ethyll-amino]ethyl]-2(3H)-ben20thiazoloneand 
pharmaceutically acceptable salts thereof (the hydrochloride being Viozan® - AstraZeneca), and 
PDE4 inhibitors such as Ariflo® (GlaxoSmithKline), Roflumilast (Byk Gulden),V-11294A 
(Napp), BAY19-8004 (Bayer), SCH-351591 (Schering-Plough), Arofylline (Ahnirall 
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Prodesfarma), PD189659 (Parke-Davis), AWD-12-281 (Asta Medica), CDC-801 (Celgene) and 
KW-4490 (Kyowa Hakko Kogyo) and A2a agonists such as those described in EP 1052264, EP 
1241176, WO 0023457, WO0077018, WO 0123399, WO 0160835, WO 0194368, WO 
0200676, WO 0222630, WO 0296462, WO 0127130, WO 0127131, WO 9602543, WO 
9602553, WO 9828319, WO 9924449, WO 9924450, WO 9924451, WO 9938877, WO 
9941267, WO 9967263, WO 9967264, WO 9967265, WO 9967266, WO 9417090, EP 
409595A2 and WO 0078774 and A2b antagonists such as those described in WO 02/42298. 

Such bronchodilatory drugs include anticholinergic or antimuscarinic agents, in particular 
ipratropium bromide, oxitropivun bromide and tiotropium bromide, but also those described in 
EP 424021, US 5171744 (Pfizer) and WO 01/04118 (AhniraU Prodesfarma), and beta-2 
adrenoceptor agonists such as salbutamol, terbutaline, salmeterol and, especially, formoterol 
and pharmaceutically acceptable salts thereof, and compounds (in free or salt or solvate form) 
of formula I of PCT International Publication No. WO 00/75114, which document is 
incorporated herein by reference, preferably compounds of the Examples thereof, especially a 
compound of formula 



O 




OH 



and pharmaceutically acceptable salts thereof. 

Co-therapeutic antihistamine drug substances include cetirizine hydrochloride, acetaminophen, 
clemastine fumarate, promethazine, loratidine, desloratidine, diphenhydramine and 
fexofenadine hydrochloride. Combinations of agents of the invention and steroids, beta-2 
agonists, PDE4 inhibitors or LTD4 antagonists may be used, for example, in the treatment of 
COPD or, particularly, asthma. Combinations of agents of the invention and anticholinergic 
or antimuscarinic agents, PDE4 inhibitors, dopamine receptor agonists or LTB4 antagonists 
may be used, for example, in the treatment of asthma or, particularly, COPD, 

Other useful combinations of agents of the invention with anti-inflammatory drugs are those 
with other antagonists of chemokine receptors, e.g. CCR-1, CCR-2, CCR-3, CCR-4, CCR-5, 
CCR-6, CCR-7, CCR-8, CCR-9 and CCRIO, CXCRl, CXCR2, CXCR3, CXCR4, CXCR5, 
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particularly CCR-5 antagonists such as Schering-Plough antagonists SC-351125, SCH-55700 
and SCH-D, Takeda antagonists such as N-[[4-([[6,7-dihydro-2-(4-methylphenyl)-5H- 
ben2ocydohepten-8-yI]carbonyllamino]phenyl]-methylltetrahydro-N,N-dimethyl-^^^ 
aminium chloride (TAK-770), CCR-5 antagonists described in US 6166037 (particularly claims 
18 and 19), WO 00/66558 (particularly claim 8), and WO 00/66559 (particularly daim 9). 

In accordance with the foregoing, the invention also provides a method for the treatment of a 
condition mediated by CCR-3, for example an inflammatory or aUergic condition, particularly 
an inflammatory or obstructive airways disease, which comprises administering to a subject, 
particularly a human subject, in need thereof an effective amount of a compound of formula I 
in a free or pharmaceutically acceptable salt form as hereinbefore described. In anodier aspea 
the invention provides the use of a compound of formula I, in free or pharmaceuticaUy 
acceptable salt form, as hereinbefore described for the manufacture of a medicament for the 
treatment of a condition mediated by CCR-3, for example an inflammatory or allergic 
condition, particularly an inflammatory or obstructive airways disease. 

The agents of the invention may be administered by any appropriate route, e.g. orally, for 
example in the form of a tablet or capsule; parenterally, for example intravenously; by 
inhalation, for example in the treatment of inflammatory or obstructive airways disease; 
intranasaUy, for example in the treatment of allergic rhinitis; topicaUy to the skin, for example 
in the treatment of atopic dermatitis; or rectally, for example in the treatment of inflammatory 
bowel disease. 



In a further aspect, the invention also provides a pharmaceutical composition comprising as 
active ingredient a compound of formula I in free or pharmaceutically acceptable salt form, 
optionally together with a pharmaceutically acceptable diluent or carrier therefor. The 
composition may contain a co-therapeutic agent such as an anti-inflammatory bronchodilatory 
or antihistamine drug as hereinbefore described. Such compositions may be prepared using 
conventional diluents or excipients and techniques known in the galenic art. Thus oral dosage 
forms may include tablets and capsules. Formulations for topical administration may take the 
form of creams, ointments, gels or transdermal delivery systems, e.g. patches. Compositions 
for inhalation may comprise aerosol or other atomizable formulations or dry powder 
formulations. 
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When the composition comprises an aerosol formulation, it preferably contains, for example, a 
hydro-fluoro-alkane (HFA) propellant such as HFA134a or HFA227 or a mixture of these, and 
may contain one or more co-solvents known in the art such as ethanol (up to 20% by weight), 
and/or one or more surfaaants such as oleic acid or sorbitan trioIea;te, and/or one or more 
bulking agents such as lactose. When the composition comprises a dry powder formulation, it 
preferably contains, for example, the compound of formula I having a particle diameter up to 
10 microns, optionally togedier with a dUuent or carrier, such as lactose, of the desired particle 
size distribution and a compound diat helps to protect against product performance 
deterioration due to moisture. When the composition comprises a nebulised formulation, it 
preferably contains, for example, die compound of formula I either dissolved, or suspended, in 
a vehicle containing water, a co-solvent such as ethanol or propylene glycol and a stabUiser, 
which may be a surfactant. 

The mvention mcludes (A) an agent of die invention in inhalable form, e.g. in an aerosol or 
other atomisable composition or in inhalable particulate, e.g. micronised form, (B) an inhalable 
medicament comprising an agent of the invention in mhalable form; (C) a pharmaceutical 
product comprising such an agent of die mvention m inhalable form in association with an 
inhalation device; and (D) an inhalation device containing an agent of the invention in 
inhalable form. 



Dosages of agents of the invention employed m practising the present invention will of course 
vary dependmg, for example, on the particular condition to be treated, the effect desired and 
the mode of administration. In general, suitable daily dosages for administration by inhalation 
are of the order of 0.01 to 30 mg/kg while for oral administration suitable daily doses are of 
the order of 0.01 to 100 mg/kg. 

The invention is illustrated by the following Examples. 
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EXAMPLES 



Compounds of formula I that are also formula XIV 



Ar' 



H 



XIV 



where Ar, X, m, Q and are as shown in Table 1 below, the methods of preparation being 
described hereinafter. The table also shows characterising mass spectrometry data. The 
compounds are all in free form. 



TABLE 1 
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Preparation of interm«><1ia»f ^ 

3-(3.4-Pichloro-phenoxyUa2eriHii^ft hvdrochlAri<f<». 
X-PcnzhYdrvl-3-(3.4-dichlorQ-p hftnnv Y ) -azetidine 

A solution of 3,4 dichlorophenol (4.12 g, 25.3 mmol) in DMF (150 ml) under argon is treated 
with a 60% dispersion of sodium hydride in mineral oU (40.4 mmol) and the reaction mixture 
stirred for 10 minutes. A solution of Methanesulfonic acid l-benzhydryl-azetidin-3-yl ester 
(7.27 g, 22.96 mmol) in DMF (50 ml) is added and the reaction mixture left to stir at 60» C for 
20 hours. The reaction mixture is portioned between ethyl acetate and water. The organic 
phase is washed with water (x2), dried over magnesium sulphate and evaporated. The crude 
product is purified by flash siUca chromatography (elution with 1:4 ethylacetate/isohexane) to 
afford l-Ben2hydryl-3-(3,4-dichloro-phenoxy)-azetidine. [M+HJ 383.8 

3-(3.4-Dichlorn-plift ^oxv^-arefidinehvdrnchlnriHp 

A solution of l-Benzhydryl.3-(3,4-dichloro-phenoxy)-azetidine (2.14 g, 6.4 mmol) in dry 
dichloromethane (20 ml) is treated with 1-chloroethylchloroformate (0.832 ml, 7.7 mmol) 
with stkring for 4 hours. The solvent is evaporated and the residue dissolved m methanol and 
refluxed for 18 hrs. The methanol is evaporated to a saturated solution, and then treated with 
diediylether. The resulting precipitate is filtered and dried under vacuum to afford 3-(3,4- 
Dichloro-phenoxy)-azetidine hydrochloride. IH NMR (D6 DMSO, 400Mhz) 8 9.5 (2H, brS), 
7.6 (IH, d), 7.2 (IH, s), 6.9 (IH, d), 5.1 (IH, m), 4.4 (2H, m), 3.95 (2H, m). 

All odier substituted phenoxy azetidine hydrochloride compounds, including 3-(4-chloro- 
phenbxy)-azetidine hydrochloride, are made analogously if diey are not readily available from 
commercial sources. 

Azetidin-3-vl-f 4-rhl^ro.phenvl )- methanone hvdroclil<%riHo« 

(l-Ben2hvdrvl-a7.eriHin -3-vn-^4-chloro-p hen ylUinethannnP 

A solution of l-Benzhydryl-azetidine-3-carbonitrile (23.6 g, 95 mmol) in chlorobenzene (250 
ml) under nitrogen is treated with a 1.0 M solution of 4-chlorophenyknagnesium bromide in 
diethylether (100 ml, 100 mmol) over one hour, ensuring the temperature does not exceed 30 
°C. The stirred reaction mixture is heated to 60oC for 1 hour, then cooled back to ambient 
temperature and quenched with a saturated aqueous solution of ammonium chloride (250 ml). 
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The organic phase is washed with brine, dried over magnesium sulphate, and evaporated to a 
yellow oil. The oil is dissolved in methanol <300 ml), treated with concentrated hydrochloric 
acid (25ml), and stirred at ambient temperature for 18 hours. The solvent is evaporated and 
the residue partitioned between ethyl acetate (250 ml) and saturated sodium bicarbonate 
solution (250 ml). The aqueous phase is extracted with more ethyl acetate and the combined 
organic phases, treated with magnesium sulphate and charcoal, fUtered and evaporated to 
afford {l-Benzhydryl-azetidin-3-yl)-(4-chloro-phenyl)-methanone. [MH]+ 361.99 

A2etidin-3-Yl-(4-chloro-phenvn-methannn,.h y drr»rh1nri ^^. 

A solution of (l-Benzhydryl.a2etidm.3.yl)-(4.chloro-phenyl)-n^ethanone (19.8 g, 54.8 mmol) 
in dichloromethane ( 250 ml), cooled to ^-C. is treated with 1-chloroethylchloroformate (8.0 
ml, 73.8 mmol) and aUowed to warm to ambient temperature. The reaction mixture is stirred 
for 18 hours and then evaporated. The residue is dissolved in methanol (220 ml) and stirred at 
ambient temperature for 3.5 hours. The methanol solution is concentrated and the produrt 
precipitated by addition of diethylether. The precipitate is coUected by filtration and dries 
under high vacuum to afford A2etidm-3-yK4-chloro-phenyl)-methanone hydrochloride 
[MH]+ 195.95: 

A2etidin-3-yl.(4-chloro-benzoyl)-methanone hydrochloride and aU other substituted benzoyl 
azetidine compounds are made analogously. 

3-(4-ChlorO-bengvn-a7^tidimmn trifln^m a cetatg salt. 

3-(4-ChlorO-bcn2oyl)-a7.fttjdine-l-carhoyvlic acid fi^rt-Knty ^ .o^.. 

A solution of azetidin-3-yl.(4KJUoro-phenyl)-methanone hydrochloride (50 g, 210 mmol) in 
dioxan:water 1:1 <800 ml) is added powdered sodium bicarbonate <61.7 g, 730 mmol) and the 
reaction mixture cooled to 10«<:. Di-tbutyl-dicarbonate (52.6 g, 240 mmol) is added portion 
wise and the reaction mixture aUowed to warm to room temperature with stirring for 1.5 
hours. The reaction mixture is poured into water (1500 ml) and the resulting white precipitate 
fUtered off and dried under vacuum to afford 3-(4-Chloro-benzoyl)-azetidine-l-carboxylic acid 
tert-butyl ester. »H NMR 400 MHz, CDCI3, 6 1.45 (9H), 4.10 (IH), 4.20 (4H), 7.47 (2H), 
7.80 (2H) 

3-r(4-C;hlorO-phenyn-hvHroxY-methvn-a7.etidiTit>-1.rarK o yvii^ ^^iH r^rr-butvl ester 

A solution of 3-(4-Chloro-benzoyl)-azCTidine-l-carboxyUc acid tert-butyl ester (62.5 g, 210 
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nunol) in ethanol (1000 ml) cooled to 10«C is treated with sodium borohydride (9.5 g, 250 
mmol). The reaction mixture is allowed to warm to room temperature and stirred for 2 hours. 
The reaction mixture is added to water and the precipitate collected by filtration, and dried 
under vacuum to afford 3-[(4-Chloro-phenyl)-hydroxy-methyl]-azetidine-l-carboxylic acid tert- 
butyl ester. Mpt 123-125<>C 

3-r(4-ChloyQ-phenyl)-iQd o-mgthYlVazetidine- l>ca rbox vlic acid tert-butvl ester 
Polymer supported triphenylphosphine (125 g, 370 mmol) is suspended in tetrahydrofuran: 
acetonitrile 9:1 (1000 ml) and treated with Iodine (95,2 g, 370 mmol) followed by sturring for 
15 mmutes. Imidazole (25.5 g, 370 nunol) is added followed by a solution of 3-[(4-Chloro- 
phenyl)-hydroxy-methyl]-azetidine-l-carboxylic acid tert-butyl ester (44.7 g, 150 mmol) m 
tetrahydrofuran (150 ml) and the reaction mixture stirred at ambient temperature for 20 hours. 
The reaction mixture is filtered through Celite™ filter material and the filtrate evaporated. The 
residue is taken up in chloroform and washed with sodium thiosulphate solution, water and 
brine. The solution is dried over magnesium sulphate and evaporated to provide 3-[(4-Chloro- 
phenyl)-iodo-methyl]-a2etidine-l-carboxylic acid tert-butyl ester. NMR 400 MHz, CDCI3, 8 
1,35 (9H), 3.21 (IH), 3.37 ( IH), 3.60 ( 2H), 4,05 ( IH), 5,12 (IH), 7.20 (4H). 

3-(4-Chloro-benzvn-azetidine-l- carboxvlic acid tert-butvl ester 

A solution of 3-[(4-Chloro-phenyl)-iodo-methyl]-a2etidine-l-carboxylic acid tert-butyl ester (58 
g, 140 mmol) in dimethylsulphoxide (450 ml) is treated with sodiimi borohydride with cooling. 
The reaction mixture was stirred at room temperature for 20 hours, then quenched by the 
slow addition of water (1000 ml). The aqueous mixture is extracted into ethyl acetate, and the 
ethyl acetate phase washed with saturated brine, dried over magnesium sulphate and 
evaporated. The crude product is purified by flash chromatography using a biotage 75 column 
(eluant gradient isohexane:ethylacetate 9:1 to 85:15) to afford 3-(4-Chloro-benzyl).azetidine- 
1-carboxylic acid tert-butyl ester. NMR 400 MHz, CDCI3, 5 1,35 (9H), 2.70 (IH), 2.80 ( 
2H), 3.55 (2H), 3.90 (2H), 6.97 ( 2H), 7.17 (2H). 

3-(4-Chloro-benzyi )-a2etidinium trifluoroacetate salt 

A solution of 3-(4-Chloro-ben2yl)-azetidine-l-carboxylic acid tert-butyl ester (1.61 g, 5.71 
nunol) in dichloromethane (20 ml) is treated with trifluoroacetic acid (20 ml) and stirred at 
ambient temperature for 1 hour. The reaction mixture is evaporated and then re-suspended in 
toluene and evaporated to dryness to afford 3-(4-Chloro-benzyl)-a2etidinium trifluoroacetate 
salt. [MH]+ of free base 182.12. 
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All Other substituted benzyl azetidine compoxinds are made analogously. 

S-Ethvl-isoxazol-a-ylamine; 

(2-EthYl-ri.31di0X0lan-2-vn-acetnnitrile 

A solution of a-oxo-pentanenitrUe (1.582 g, 16.49nunol), ethylene glycol (1.026 ml, 84.59 
mmol) and a catalytic amount of p-Toluene sulphonic add (8 mg) in Toluene (10 ml) is 
refluxed at 150«»C for 2 days using Dean-Stark apparatus. The reaction ndxture is diluted with 
ethyl acetate and washed with saturated sodium bicarbonate solution. The organic phase is 
dried over lv^S04, filtered, and the solvent evaporated to yield (2-ethyl-[l,3]dioxolan-2-yl)- 
acetonitrUe. IH NMR (400MHz, CDC13) d 4.15(2H,m), 4.05 (2H, m), 2.65 (2H, s), 1.80 (2H, 
q), 0.95 (3H,t) 

2-(2-Ethvl ri 31dioxolan-2-vn-N-hvHrn w-acetamidin... 

A solution of NaOH (1.17 g, 29.3 mmol) in water/methanol (1:1) (1 8ml), cooled to O^C in an 
ice bath, is treated with hydroxylamine hydrochloride (1.58 g, 22.78 nunol), with stirrmg for 5 
minutes. (2-Ethyl-[l,3]dioxolan-2-yl)-acetonitrile (1.42 g, 10.125 mmol) is added and the 
reaction mixture stirred at room temperature for 18 hours, then refluxed for a further 2 hours. 
The reaction mixture is cooled and partitioned between ethyl acetate and water. The organic 
phase is dried over MgS04, filtered, and the solvent evaporated to yield 2-(2-Ethyl 
[l,3]dioxolan-2-yl)-N-hydroxy-acetamidine. [M+H] 175.21 

5-Ethvl-isoxazol-3-vlflminft 

A solution of 2-(2-ethyl [l,3]dioxolan-2-yl)-N-hydroxy-acetamidine (1.49 g 8.564 mmol) in 
ethanol (49 ml), acidified to pH 1 with concentrated hydrochloric acid solution, is refluxed at 
SO^C for 3 days. The solvent is evaporated and the crude product dissolved in water and 
extracted into ethyl acetate (x2). The organic phase is dried over MgS04 and evaporated to 
afford 5-ethyl-isoxazol-3-ylamine. |>1 + H] 113.02 

(5-Ethvl-ri3.41thiadiazol-2-Yl)-ca Tbamic acid phenyl estPr; 

A solution of 5-Ethyl-[l,3,4]thiadiazol-2-ylamine (2.5g, 19.4mmol) and pyridine (1.72 ml, 
21.3nunol) in dichloromethane (70 ml) is cooled to -70»C and treated with a solution of 
phenylchloroformate (2.45 ml, 19.6 mmol) in dichloromethane (10 ml) dropwise. The reaction 
mixture is allowed to warm to ambient temperature and stirred for 3 hours during which a 
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precipitate forms. The precipitate is collected by filtration, and dried under vacuum to afford 
(5-EthyI-[l,3,4]thiadiazol-2-yl)-carbamic acid phenyl ester as white solid. [M+H] 250.15 

(5-Ethvl-2-methvl-2H-pvraznl--i-yn-carhami c acid p hftn yl , t^ ^f^' 

5-EthYl-2-methvl-2H-ovra2:Ql-3-ylaitiiTii. 

A solution of 3-Oxo-pentanenitrUe (0.5 g, 5.15 mmol) and methylhydrazine (0.24 g, 5.15 
mmol) in ethanol (5ml) is heated to reflux for 1.5 hours. The solvent is evaporated and the 
residue partitioned between ethyl acetate and brine. The organic phase is dried over MgS04 
and evaporated to afford 5-Ethyl-2-methyl-2H-pyrazol-3-ylamine. 

(5-EthYl-2-roethvl-2H-Pvrazol-.^-vl^carhami c acid p henyl <>gt<»r 

A solution of 5-Ethyl-2-methyl-2H-pyrazol-3-ylainine (10 g, 79.8 mmol) (500 ml) and 
potassium carbonate in THE (12.14 g, 87.8 mmol) is cooled to 0°C. Phenylchioroformate 
(10.15 ml, 80.6 mmol) is added dropwise over 20 minutes. The reaction mixture is stirred for 
40 minutes at 0«>C then allowed to warm to ambient temperature and stirred for a further 2.5 
hours. The reaction mixture is partitioned between ethyl acetate and water. The organic phase 
is washed with 5% aqueous citric acid solution and brine. The organic phase is treated with 
MgS04 and charcoal then filtered and evaporated to afford (5-Cyclopropyl-2-methyl-2H- 
pyrazol-3-yl)-carbamic acid phenyl ester. [M+H] 246.21 

(5-Cvclopropvl-2-methvl-2H-py razol-3-vn-carbamic acid phenyl ester; 
A solution of 5-Cyclopropyl-2-methyl-2H-pyrazol-3-ylamine (3.0 g, 22 mmol) (65 ml) and 
sodium bicarbonate (2 g, 24 mmol) in THE is cooled to O^C, Phenylchioroformate (3.4 g, 22 
mmol) is added dropwise over 15 minutes. The reaction mixture is allowed to warm to 
ambient temperature and stirred for 5 hours, then filtered and the filtrate partitioned between 
ethyl acetate and water. The organic phase is washed with water, 5% aqueous citric acid 
solution and brine, dried over MgS04 and evaporated to afford (5-Cyclopropyl-2-methyl-2H- 
pyrazol-3-yl)-carbamic acid phenyl ester. [M+H] 258.17. 

5-CYclobutvl-2-methvl-2H-pvra7.ol-3-vn-carh a mic acid phenyl ester; 

5-Cvclobutvl-2-met hvl-2H-pvrazQl-3-vlaminp 

This is synthesized in an analogous manner to 5-ethyl-2-methyl-2H-pyrazol-3-ylamine except 
using 3-cyclobutyl-3-oxopropionitrile instead of 3-oxo-pentanenitrile. 
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acid phenyl efster 

A solution of 5-Cyclobutyl-2-methyl-2H-pyrazol-3-ylamine (0.156 g, 1.03 mmol) in dimethyl- 
formamide (3 ml) cooled to 0»C, is treated with phenylchloroformate (0.13 ml, 1,03 mmol) 
dropwise and left to stir at 0«>C for 1 hour. The reaction mixture is partitioned between ethyl 
acetate and 1.0 M hydrochloric acid solution, and the organic phase washed with water, dried 
over magnesium sulphate and evaporated to yield (5-Cyclobutyl-2-methyl-2H-pyrazol-3-yl)- 
carbamic acid phenyl ester. [M+H] 272.22 



{2-EthYl-2H-tetrazol-5-v1Ucafhamir add phenyl 

A solution of 2^thyl.2H-tetra2ol-5-ylamine (0.1 g, 0.88 mmol) in dry THF (2 ml) is treated 
with pyridine (0.09 ml, 1.10 mmol) foUowed by a solution of phenylchloroformate (0.11 ml, 
0.911 mmol) in THF (1 ml). The reaction mixture is stirred at ambient temperature for 1.5 
hours, then partitioned between ethyl acetate and water. The ethyl acetate phase is dried over 
magnesium sulphate and evaporated to afford (2-Ethyl-2H-tetrazol-5-yl)-carbamic acid phenyl 
ester as a white solid. IH NMR (CDC13, 400 MHz) 8, 7.90 (IH, brs), 7.30 (2H, m), 7.15, 
(3H, m), 4.60 (2H, q) 1.60 (3H, t). 

(5-Ethyl-isoxa2ol-3-yl)-carbamic acid phenyl ester and (3-Ethyl-isoxazol-5yl)-carbamic acid 
phenyl ester are prepared analogously using 5-Ethyl-isoxazol-3-ylamine and 5-Ethyl-isoxazol- 
5-ylamine respectively in place of 2-ethyl-2H-tetrazol-5-ylamine. 

(V0(lR,2R)-2-r3-(4-Chloro-phenftvy)-azetidin-1-v1 methvn-ryrlnhexvlaniinP; 

(t/-)((lR,2R)-2-^3-(4-CMoro-phenoxvUa7■ftfi d ine-l-carh^.nvl^cvclohexvn-f!arhamicacid terr- 
butvl ejitt^t; 

A solution of BOC-Cis-2aminoKyclohexylcarboxylic acid (1.0 g, 4.11mmol) and 
diisopropylethylamine (2.14ml, 12/33mmol) in dichloromethane is treated vwth 

[dimethylamino-([l,2,3]tria2olo[4,5-b]pyridin-3-yloxy)-methylene]-dimethyl-ainmonium 
hexafluoro phosphate (1.56g, 4.11mmol) and stirred at ambient temperature for 5 minutes. 3- 
(4-Chloro-phenoxy)-azetidine hydrochloride (0.984g, 4.32mmol) is added and the reaction 
mixture stirred for IShours. The reaction mixture is diluted with dichloromethane and washed 
with saturated sodixun bicarbonate solution and brine. The organic phase is dried over 
magnesium sulphate and evaporated. The crude product is purified by flash chromatography 
(eluant gradient 30% ethyl acetate m isohexane) to afford {(lR,2R)-2-[3-(4-Chloro-phenoxy)- 
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a2etidine-l-carbonyl]-cyclohexyl)-carbamic acid tert-butyl ester as a racemic mixture of optical 
isomers [M-BOC] 309.16 

(t/-)(fm,2R)-2-r3-f4-Chloro-phcnO?^)-qy^rHin-l-vlrhethvn-rvclohe^llw^r h anM^ 

butyl estgr 

A solution of ((lR^R)-2-[3-(4-Chloro-phenoxy)-azetidine-l^arbonyl].cyclohexyl)-carbamic 
acid tert-butyl ester (0.215 g, 0.52 mmol) in dry THF (5ml) cooled to -5oC is treated with a 1.0 
M solution of LiAlH4 in THF (1.26 ml, 1.26 mmol) and the reaction mixture stirred at -5«>C 
for 20 minutes and then for a further 1 hour at ambient temperature. The reaction mixture is 
quenched with saturated sodium sulphate solution and filtered through a Celite™ filter pad 
washing through with ethyl acetate. The filtrate is dried over magnesium sulphate and 
evaporated. The crude product is purified by flash chromatography (eluant 40% Ethyl acetate 
in isohexane) to afford {(lR,2R)-2-[3-(4-Chloro-phenoxy)-azetidin-l-yhnethyl]-cyclohexyl}- 
carbamic acid tert-butyl ester as a racemic mixture of optical isomers [MH]+ 395.23 

(t/-)flR,2R)-2-r3-f4-ChlQro-phenoxv^-a2etidin-1- v lmethvl-|-ryrloheyvlaminP 
A solution of {(lR,2R)-2-[3-(4-Chloro-phenoxy)-azetidin-l-yhnethyl]-cydohexyl}-carbamic 
acid tert-butyl ester (0.078 g, 0.199 mmol) in dichloromethane (1 ml) is treated with 
trifluoroacetic acid ( 0.3ml) and the reaction mbcture starred at ambient temperature for 30 
minutes. The solvent is evaporated and the residue taken up in dichloromethane and washed 
with 1 M NaOH solution. The organic phase is dried over magnesium sulphate and evaporated 
to afford (lR^R)-2-[3-(4-Chloro-phenoxy)-azetidin-l-yhnethyl]-cyclohexylamine as a racemic 
mixture of optical isomers. [MH]+ 295,19 

l-{2-r3-f4-Chloro-i>henoxvWazetirii o -l-vn-ethvn-cvclohiitvlammy; 

(l-{2-f3-(4-ChlorO-phpnoxv^azetidin-l-vl1-2-nYo-ethvl}-rY rl obutvn-carhamic aciH tPrt-h.ity l 
ester 

A solution of (l-tert-Butoxycarbonylammo-cyclobutyl)-acetic acid (0.13 g, 0.567 mmol) ( 
synthesized by the method described in European Journal of Medicinal Chemistry (1999), 
34(5), 363-380), and diisopropylethylamine (0.197 ml, 1.134 mmol) in dichloromethane is 
treated with [Dimethylamino-([l,2,3]triazolo[4,5-b]pyridin-3-yioxy)-methylene]-dimethyl- 
ammonium hexafluoro phosphate (0.216 g, 0.567 mmol) and stirred at ambient temperature 
for 5 minutes. 3-(4-Chloro-phenoxy)-azetidine hydrochloride is added and the reaction mixture 
stirred for 18 hours. The reaction mixture is diluted with dichloromethane and washed with 



Case 4-33362P1/HO 89 



41 

Stirred for IShours. The reaction mixture is diluted with dichloromethane and washed with 
saturated sodium bicarbonate solution and brine. The organic phase is dried over magnesium 
sulphate and evaporated. The crude product is purified by flash chromatography (eluant 
gradient isohexane:ethylacetate 3:7 to 2:8) to afford (l-l2-I3-(4-Chloro-phenoxy)-azetidin-l. 
yl]-2-oxo-ethyl}-cyclobutyl)-carbamic acid tert-butyl ester. [MH]+ 395.16. 

(l-f2'r3"(4"Chloro-phenoxvVazetidin-l-ylVethyl} - cvclQbutvlVcarbamic acid tert-butvl ester 
A solution of (l-{2-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-2-oxo-ethyl}-cyclobutyl)-carbami^ 
acid tert-butyl ester (0.16 g, 0.405 mmol) in dry THF (5 ml) cooled to O^C is treated with a 
l.OM solution of LiAlH4 in THF (1,0 ml, 1.0 mmol) and the reaction mixture stirred at O^C 
for 20 minutes and then for a further 1 hour at ambient temperature. The reaction mixture is 
quenched with saturated sodium sulphate solution and filtered through a Celite™ filter pad 
washing through with ethylacetate. The filtrate is dried over magnesium sulphate and 
evaporated. The crude product is purified by flash chromatography (eluant gradient 
dichloromethane:methanol 1:0 to 9:1) to afford (l-{2-[3-(4-Chloro-phenoxy)-azetidin-l-yl]- 
ethyl}-cyclobutyl)-carbamic acid tert-butyl ester. [MH]+ 381.20. 

l-{2-r3-(4-Chloro-Dhenoxv^-azetidin-l-vll-ethvl UcvclQbutylamine 

A solution of (l-{2-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-ethyl}-cyclobutyl)-carbamic acid tert- 
butyl ester ( 0.04g, 0.105nunol) in dicWoromethane ( 3ml) is treated with trifluororacetic acid ( 
0.5ml) and the reaction mixture stirred at ambient temperature for 2 hours. The solvent is 
evaporated and the residue taken up in dichloromethane and washed with IM NaOH solution. 
The organic phase is dried over magnesium sulphate and evaporated to afford l-{2-[3-(4- 
Chloro-phenoxy)-azetidin-l-yl]-ethyl}-cyclobutylamine. [MH]+ 281.11 

3-r3-(4-Chl oyo>phenoxv)-a2etidin-l-vl1-l.l-dimethvl-propvlamine and l3-r3-f4>ChlorQ> 
phenoxv)-a2etidin-l-yn-l.l-dimethvl-prQpyI|- methvl-amine; 

{3"r3-(4-Chloro-phenoxv)-azetidin-l-vlVl,l-dimethvl-3-Qxo -propyn--carbamicacidtert-buty^ 
ester 

A solution of 3-tert-Butoxycarbonylamino-3-methyl-butyric acid (0.5 8g, 2.67mmol) ( 
synthesized by the method described in Joximal of Medicinal Chemistry (1991), 34(2), 633- 
42. ), and diisopropylethylamine (1.39ml, S.Olmmol) in dichloromethane is treated with 
[dimethylamino-([l,2,3]triazolo[4,5-blpyridin-3-yloxy)-methylene]-dimethyl-anMnoni\x^ 
hexafluoro phosphate ( l.Olg, 2,67mmol) and stirred at ambient temperature for 5 minutes. 3- 
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(4-Chloro.phenoxy)-azetidine hydrochloride (0.68g, 2.67mmol) is added and the reaction 
mixture stirred for IShours. The reaction mixture is dUuted with dichloromethane and washed 
with saturated sodium bicarbonate solution and brine. The organic phase is dried over 
magnesium sulphate and evaporated. The crude product is purified by flash chromatography 
(eluant gradient 25% to 50% ethylacetate: isohexane) to afford {3-[3-(4-Chloro-phenoxy)- 
azetidin-l-yl]-l,l-dimethyl-3-oxo-propyl}-carbanuc acid tert-butyl ester [M-BOC] 283.08. 

3-r3-(4-ChlorO-phgnoyy)-a7.f>tidin-l-vn-1 .1 -dimethvl-p rnp ylf .»^; n . 

A solution of {3-[3-(4-Chloro-phenoxy).azetidin-l-yl]-l,l-dimethyl-3-oxo-propyl)-carbamic 
acid tert-butyl ester (0.587g, 1.53mmol) in dry THF (5ml) cooled to -5oC is treated with a 
l.OM solution of LiAlH4 in THF (3.83ml, 3.83mmol) and the reaction mixture stirred at OoC 
for 30 minutes and then for a further 1 hour at ambient temperature. The reaction mixture is 
quenched with saturated sodium sulphate solution and filtered through a CeUte™ filter pad 
washing through with ethyl acetate. The filtrate is dried over magnesium sulphate and 
evaporated. The crude product is purified by flash chromatography (eluant gradient 
dichloromethane:methanol 9:1 to 9:3) to afford as a 1:1 mixture of 3-[3-(4-Chloro-phenoxy)- 
a2etidin-l.yl]-l,l-dimethyl-propylamine. [MH]+ 269.1 and {3-[3-(4-Chloro-phenoxy)-azetidin- 
l-yl]-l,l-dimethyl-propyl}-methyl-amine [MH]+ 283.12. 



Preparation nf final compouii<l<8 
Example 1 

(+/-)l-f(lK,2R,)-2-r3-(4-CMoro-phenoxvUazeridin- l -vl-niethyl]-cvclnhevYl}-^-fS-ethyl- 
ri.3.41thiadiazol-2-y^)-nr«.a» 

A solution of (lR.2R)-2-[3-(4<;hloro-phenoxy)-azetidin-l-ylmethyll-cyclohexylamine (O.IH 
mg, 0.382 mmol) and (5-Ethyl-[l,3,4]thiadia2ol-2-yI)-carbamic acid phenyl ester (0.100 g, 0.40 
mmol) in dimethylsulphoxide (2 ml) is stirred at ambient temperature form 18 hours. The 
reaction mixture is partitioned between ethyl acetate and water. The organic phase is dried 
over magnesium sulphate and evaporated. The crude product is purified by flash 
chromatography (eluant ethyl acetate) to afford l-{(lR,2R)-2-[3-(4-Chloro-phenoxy)-azetldin- 

l-yhnethyl]-cyclohexyl}-3-(5-ethyl-[l,3,4]duadiazol-2-yl).urea as a racemic mixture of optical 
isomers. [MH]+ 450.213 



Case 4-33362P1/HO 89 



43 



Examples 2 tn 7 

The compounds of these Examples, namely l-{(lR.2R)-2-[3-(4-Chloro-phenoxy)-azetidin-l-yl- 

methyi]sTclohexyl}-3-{5-ethyl-2-methyl-2H-pyra2ol-3-yl)-urea,l-{(lR;jR).^ 

phenoxy)-azetidin-l-yl.methyl]-cyclohexyl}-3-(5-cyclopropyl-2-methyl^^^^^ 

l-{(lR,2R)-2-[3-(4-Chloro-phenoxy)-a2etidin-l-yl-methyl]-cydohexyl)-3.(5-cyclobutyl-2- 
methyl-2H-pyra2ol-3.yl)-urea,l.{(lR,2R)-2-[3-(4-Chloro-phenoxy).a2etidin-l-yl^^^ 
cydohexyl)-3-(2-ethyl-2H-tetra2ol-5-yl).urea. l-{(lR.2R).2-[3-(4-Chloro.phenoxy)-azetidin-l- 
yl-methyl]K:yclohexyl}-3-(5-ethyl.isoxazol-3-yl)-ureaandl-{(lR,2R)-2-(3-(4.CWor^^^^ 
azetidin-l-yl-methyl]-cyclohexyl)-3-(3-ethyl-isox,zol-5-yl)-^^^ are prepared using procedures 
that are analogous to those used in Example 1. 

Examples 8 to 21 

The compounds of these Examples are prepared using procedures that are analogous to those 
used to prepare the compounds of Examples 1 to 7 but using the appropriate amine. 

Examples 22 to 41 

The compounds of these Examples are trans analogues of the compounds of Examples 1 to 21 
respectively. They are prepared analogously but using the intermediate BOC-trans-2-amino- 
cyclohexylcarboxyUc acid instead of BOC-cis-2-amino-cyclohexylcarboxyUc add. 

Example 43 

l-(l-{2-r3-(4-Chloro-ph<^nOTn^)-a7.etjdin-1-v1l-ethvn-cvrlnh,,tyn-V .S-^h^^ r^ A^^^^^A^^^^y . 
vl)-urea : 

A solution of l-{2-[3-(4-Chloro-phenoxy)-azetidin-l.yl]-ethyl}.cydobutylamine (0.028 mg, 0.1 
nunol) and (5-Ethyl-[l,3,41thiadiazol-2-yl)-carbamic acid phenyl ester (0.028 g. 0.112 mmol) 
in dimethylsulphoxide (1,5 ml) is stirred at ambient temperature form 18 hours. The reaction 
mixture is partitioned between ethyl acetate and water. The organic phase is dried over 
magnesium sulphate and evaporated. The crude product is purified by flash chromatography 
(eluant gradient dIchloromethane:methanol 98:2 to 93:7) to afford l-(l-(2-[3-(4.Chloro- 

phenoxy)-a2etidin-l-yll-ethyl}-cydobutyl)-3-(5-ethyl.[l,3.41thiadiazol-2-yl)-urea.[M^ 
436.12. 
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Examples 44 to 49 

The compounds of these Examples, namely l-(l-{2-I3-{4-Chloro-phenoxy)-azetidin-l-yl]- 
ethyl}-cyclobutyl)-3-(5-ethyl-2-methyl-2H-pyrazol-3-yl)-urea, l-(l-{2-[3-(4-Chloro-phenoxy)- 
azetidin-l-yll-ethyl}-cyclobutyl)-3-(5-cydopropyl-2-methyl-2H-pyrazol-3-yl)-urea, l-(l-{2-[3- ' 
{4-Chloro-phenoxy)-azetidin-l-yl]-ethyl}-cyclobutyl)-3-(5-cyclobutyl-2-methyl-2H-pyrazol-3- 
yl)-urea, l-(l-{2-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-ethyl)-cyclobutyl)-3-(2-ethyl-2H- 
tetrazol-5-yl)-urea, l-(l-{2-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-ethyl}-cyclobutyl)-3-(5-ethyl- 
isoxazol-3-yl)-urea and l-(l-{2-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-ethyl}-cyclobutyl)-3-(3- 
ethyl-isoxazol-5-yl)-urea are prepared using procedures to those used in Example 43. 

Examples 50 to 

The compounds of these Examples are prepared using procedures that are analogous to those 
used to prepare the compounds of Examples 43 to 49 but using the appropriate amine. 

Example 64 

l-{3-r3-(4-Chloro-phenoxv^-azetidin-l-Yn-1.1-dimethyl-p r opvn-3-fS-ethvl-ri.3.41thiadiazol-2- 
yl)-urea: 

A solution of a 1:1 mixture of 3-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-l,l-dimethyl- 
propylamine and {3-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-l,l-dimethyl-propyl}-methyl-amine 
(0.069 mg) and 5-Ethyl-[l,3,4]thiadiazol-2-yl)-carbamic acid phenyl ester (0.067g, 0.26 mmol) 
in dunethylsulphoxide (2.0 ml) is stirred at ambient temperature form 18 hours. The reaction 
mixture is partitioned between ethyl acetate and water. The organic phase is dried over 
magnesium sulphate and evaporated. The crude product is purified by flash chromatography 
(eluant gradient dichloromethanetmethanol 98:2 to 90:10) to afford l-{3-[3-(4-Chloro- 

phenoxy)-azetidin-l-yl]-l,l-dimethyl-propyl)-3-(5-ethyl-[l,3,4]thiadiazol-2-yl)-urea. [MH]+ 
424.13. 

Examples 65 to 70 

The compounds of these Examples, namely l-{3-[3-(4-Chloro-phenoxy)-azetidin-l-yi]-l,l- 
dimethyl-propyl}-3-(5-ethyl-2-methyl-2H-pyrazol-3-yl)-urea, l-{3-[3-(4-Cailoro-phenoxy)- 
azetidin-l-yl]-l,l-dimethyl.propyl)-3-(5-cyclopropyl-2-methyl-2H-pyrazol-3-yl)-urea, l-{3-[3- 
(4-Chloro-phenoxy)-azetidin-l-yl]-l,l-dimethyl-propyl)-3-(5-cyclobutyl-2-methyl-2H-pyrazol- 
3-yl)-urea, l-{3-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-l,l-dimethyl-propyl)-3-(2-ethyl-2H- 
tetrazol-5-yl)-urea, l-{3-[3-(4-Chloro-phenoxy)-azetidin-l-yl]-l,l-dimethyl-propyl)-3-(5-ethyl- 
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isoxazol-3-yl)-urea and l-{3-[3-{4-Chloro-phenoxy)-a2etidin-l-yl]-l,l-dimethyl-propyl}-3-(3- 
ethyl-isoxazol-5-yl)-urea are prepared using procedures to those used in Example 64. 

F.vamples 71 to 84 

The compounds of these Examples are prepared using procedures that are analogous to those 
used to prepare the compounds of Examples 64 to 70 but using the appropriate amine. 

Examples 85 to 9R 

The compounds of these Examples are prepared using procedures that are analogous to those 
used to prepare the compounds of Examples 1 to 7 and 22 to 28 respectively but using the 
appropriate starting materials. 

F.vamp1<^ 09 to 112 

The compounds of these Examples are prepared using procedures that are analogous to those 
used to prepare the compounds of Examples 1 to 7 and 22 to 28 respectively but using the 
appropriate starting materials. 
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CLAIMS 

1. A compound of formula I 




in free or salt form, where 

Ar is phenyl optionally substituted by one or more substituents selected from halogen, 

Ci-Cs-aikyl, cyano or nitro; 

X is -<;(=0)-, -0-, -CH2-, -S-, -S(=0)- or -S(=0)2-; 

m is 1, 2, 3 or 4; 

Q has the formula 

/ \ 
C— C 

where R» is Ci-Cg-alkylene, 

or Q is -C(R*>)(R*=)- where and R^ are independently Ci-Cs-alkyl 
or R*» and R« together form a Ca-Cio-cycloalkyl; 



R^ is hydrogen, Ci-Cs-alkyl or Cs-Cio-cycloalkyl and R^ is Ci-Cs-alkyl substituted by phenyl, 
phenoxy, acyloxy or naphthyl, or R^ is Ca-Cio-cycloalkyl optionally having a benzo group 
fused thereto, a heterocyclic group having 5 to 11 ring atoms of which 1 to 4 are hetero atoms, 
phenyl or naphthyl, said phenyl, phenoxy or naphthyl groups being optionally substituted by 
one or more substituents selected from halogen, cyano, hydroxy, acyl, nitro, -SO2NH2, Ci-Cs- 
alkyl optionally substituted by Ci-Ca-alkoxy, Ci-Cs-haloaUcyl, Ci-Cs-alkoxy, Ci-Cs- 
haloaikoxy, Ci-Cs-alkylthio, -S02-Ci-C8-alkyl, Ci-C8-alkoxycarbonyl, Ci-Cs-acylamino 
optionally substituted on the nitrogen atom by Ci-Cg-alkyl, Ci-Cg-alkylamino, aminocarbonyl, 
Ci-Ca-alkylamino-carbonyl, di(Ci-C8-alkyl)amino, di(Ci-C8-alkyl)aminocarbonyl, di(Ci-C8- 
aikyl)aminocarbonyl-methoxy. 
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or and R3 together with the nitrogen atom to which they are attached denote a heterocycUc 
group having 5 to 10 ring atoms of which 1, 2 or 3 are hetero atoms; 

R" and R^ are each independently hydrogen or C-Cg-alkyI, or R4 is hydrogen and R^ is 
hydroxy-C:-C8-alkyl, acyl, -SO^R^ or -CON(R6)R7, or R-- and R5 together with the nitrogen 
atom to which they are attached denote a 5-or 6-membered heterocyclic group; 

R« and R7 are each independently hydrogen or Ci-Cg-alkyl, or R^ and R' together with the 
nitrogen atom to which they are attached denote a 5- or 6-membered heterocyclic group; and 

R8 is Ci-Cs-alkyl, Ci-Cs-haloalkyi, or phenyl optionally substituted by Ci-Cg-alkyl. 

2. A compound according to claim 1, in which 
At is phenyl substituted by halo; 

X is -0-, -C(=0)- or -CH2-; 

m is 1 or 2; 

Q has the formula 

/ \ 
C—C 

where R« is Ci-Cs-alkylene, 

or Q is -C(R«»)(Rc). where Rb and R* are independently C-Cg-alkyl 
or Rb and R= together form a Cs-Cio-cydoalkyl; 
R^ is hydrogen; and 

R3 is a heterocyclic group having 5 to 11 ring atoms of which 1 to 4 are hetero atoms. 

3. A compound according to claim 1, in which 
Ar is phenyl substituted by halo, preferably chloro; 
X is -0-, -C{=0)- or -CH2-; 

m is 1 or 2; 

Q has the formula 



-c— c- 



where R» is Ci-Cg-alkylene, 

or Q is -C(R'>)(Rc)- where Rb and R= are independently Ci-C4-alkyl 
or Rb and R' together form a Cs-Q-cycloalkyl; 
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is hydrogen; and 

R3 is a heterocyclic group having 5, 6 or 7 ring atoms of which one, two, three or four, are 
hetero atoms selected from nitrogen, oxygen and sulphur, said heterocyclic group being 
optionally substituted by Ci-C4-alkyl or Ca-Q-cydoalkyl. 

4. A compound according to claim 1 substantially as described in any one of the Examples. 

5. A compound according to any one of the preceding claims in combination with another 
drug substance which is an anti-inflanunatory, a bronchodilator or an antihistamine. 

6. A compound according to any one of the preceding claims for use as a pharmaceutical. 

7. A pharmaceutical composition comprising as active ingredient a compound according to 
any one of claims 1 to 4. 

8. The use of a compound according to any one of claims 1 to 4 for the manufacture of a 
medicament for the treatment of a condition mediated by CCR-3. 

9. Use according to claim 8, in which the condition is an inflammatory or allergic condition, 
particularly an inflammatory or obstructive airways disease. 

10. A process for the preparation of a compound of formula I as claimed in claim 1 which 
comprises 

(i) (A) reacting a compound of formula EL 

H 

Ar-X-<QN-(-j;4;pQ-NH, II 

H 

where Ar, X, m and Q are as defined in claim 1, with a compound of formula HI 
where and R^ are as defined in claim 1; or 
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(B) for the preparation of compounds of formula I where is hydrogen, reacting a 
compound of formula n where Ar, X, m and Q are as defined in claim 1, with a 
compoimd of formula IV 

0=C=N— IV 
where is as defined in claim 1; or 

(C) for the preparation of compounds of formula I where X is -S(=0)2-, oxidising a 
compound of formula I in protected form where X is -S- and Ar, m, Q, R2 and R3 aj 
defined in claim 1; and 



(ii) recoveruxg the product in free or salt form. 



